Purpose: To describe the diagnosis and management of a patient with primary open angle glaucoma (POAG) who developed suprachoroidal hemorrhage (SCH) after micropulse cyclophotocoagulation (MPCPC) therapy. Observations: A 77 year-old Caucasian man with end-stage POAG and multiple medical comorbidities including coronary artery disease on anticoagulation presented with 2 days of episodic, severe left eye pain 2 weeks after undergoing MPCPC diode in the left eye. His visual acuity was count fingers at 2 feet and his intraocular pressure (IOP) was 44. He had a shallow anterior chamber that was open to trabecular meshwork on gonioscopy. His dilated fundus exam showed large, dome-shaped hemorrhagic choroidals, which were confirmed on ultrasound. He was medically managed with analgesics, cycloplegics, topical steroids and IOP lowering medications. He was closely followed with serial b-scans and the SCH decreased in size without surgical intervention, however, his visual acuity did not improve from presentation. Conclusions and importance: MPCPC diode has been increasingly used in refractory glaucoma and is considered to be a relatively safe procedure. Suprachoroidal hemorrhage has not yet been reported after MPCPC diode. This case demonstrates how devastating complications such as SCH can still occur with lower energy CPC therapy especially in the setting of post-procedural hypotony, and emphasizes the importance of prevention especially in high-risk patients.
Introduction
Suprachoroidal hemorrhage is a rare but devastating complication of intraocular surgery that may occur intra-operatively 1, 2 or during the post-operative period. 3, 4 Delayed suprachoroidal hemorrhage (DSCH) has been reported to occur after various glaucoma filtering procedures, mainly trabeculectomy and tube shunt procedures, with an incidence rate of 0.7-6.0%. [4] [5] [6] [7] [8] DSCH is extremely rare after transcleral cyclophotocoagulation (CPC), with only a few case reports in the literature. 9, 10 More recently, micropulse cyclophotocoagulation (MPCPC) diode has gained popularity for its efficacy and safety. Unlike transcleral CPC, which delivers energy continuously, MPCPC delivers shorter, repetitive pulses of energy with rest periods resulting in lower risk of post-operative complications such as hypotony, anterior chamber (AC) inflammation, scleral thinning, and phthisis bulbi. 11 Suprachoroidal hemorrhage has not previously been reported after MPCPC diode. We describe the first reported case of DSCH after MPCPC diode therapy.
Case report
A 77-year-old Caucasian man with a history of end-stage primary open angle glaucoma (POAG) presented to the emergency department with 2 days of episodic severe left eye pain 2 weeks after undergoing MPCPC therapy in the left eye. In addition to POAG, he had cataract extraction with placement of anterior chamber intraocular lens (ACIOL) OD and posterior chamber intraocular lens (PCIOL) OS, and thyroid eye disease (TED) status post radioactive iodide ablation and orbital decompression and strabismus surgery in both eyes. His past medical history included type 2 diabetes mellitus, hypertension, atrial fibrillation controlled with a pacemaker and on ribaroxaban (xarelto), and coronary artery disease (CAD) status post multiple bypass graft surgeries and stent placements.
Our patient had a 15-year history of progressive POAG treated with topical and oral IOP lowering medications as well as selective trabeculoplasty (SLT) twice in right eye and once in left eye. After routine follow up, patient was found to have progression on visual fields in both eyes despite relatively low intraocular pressure (IOP) (12) (13) (14) (15) OS. Due to the presence of significant lid retraction from TED, incisional glaucoma surgery was not advisable. (Patient was followed by an oculoplastic specialist for TED, which was inactive for years.) Thus MPCPC diode was recommended for both eyes.
The patient underwent MPCPC twice in the right eye using 810nm infrared diode laser at 2000mW with 31.3% duty cycle. This laser was applied for 90 sec inferiorly and 90 sec superiorly avoiding the 3 and 9 o'clock areas. The procedure was performed without any complications (post-first procedure OD IOP 12-15, VA 20/40; post-second procedure OD IOP 6-9, VA 20/70). Two months later, the patient underwent MPCPC in the left eye (with the same laser settings used in the right eye as described above). At his 1-week follow up appointment, his VA was counting fingers at 2 feet with pinhole to 20/200 and IOP of 6. His left eye exam at this time was notable for diffuse punctate epithelial keratopathy (PEK), deep and quiet AC, and optic nerve with CDR of 0.95.
At presentation to the emergency room 2 weeks after the procedure, he had a stable vision of CF at 2 feet but was found to have an IOP of 44 OS. Slit lamp exam of the left eye revealed lagophthalmos, lid retraction and scleral show, 1+ injection, diffuse PEK and PCIOL. His AC was shallow with 2+ flare and angles were open to trabecular meshwork on goniosocopy. On dilated fundus exam, he had large dome-shaped nonkissing hemorrhagic choroidals. Views of the macula and optic nerve were preserved and appeared similar to prior exams. B-scan ultrasonography showed highly reflective, large bullous choroidal detachments in all quadrants, with dense underlying opacities and pockets of low reflectivity consistent with suprachoroidal hemorrhage without evidence of retinal detachment (RD) (Fig. 1) . His blood pressure (BP) was well controlled and measured 130/73 in the ED.
He was started on analgesics and atropine for pain management, prednisolone acetate drops for intraocular inflammation, and oral acetazolamide and topical IOP lowering medications to lower pressure. Xarelto was continued due to risk of systemic thromboembolic events, and oral steroids were deferred due to his history of diabetes mellitus. Our patient's pain improved significantly after two days and IOP decreased to single digits. He was referred to the retina service and monitored with serial ultrasounds for possible drainage of choroidals (Fig. 2) . During the first week of follow up, SCH was noted to increase in size and views of optic nerve and macula were obstructed (Fig. 3) . This was thought to be due to repeat hemorrhage in the setting of low IOP (7 mmHg). Subsequently, acetazolamide as well as topical IOP lowering medications were stopped. At this time, there were areas of appositional choroidal hemorrhage noted on b-scan ( Fig. 2B and C) . Given patient's frail medical condition, the decision was made to observe for resorption of hemorrhage. He was also noted to have worsening epithelial defect and keratopathy, and was started on erythromycin ointment and patched.
Approximately 1 month after presentation, his IOP increased to low teens and the size of the SCH decreased without surgical intervention (Fig. 2D ). His visual acuity 1 month after presentation was hand-motions and his IOP was undetectable. At 2 months after presentation, his VA improved to count fingers at 2 feet but his IOP remained undetectable. At this time, he was found to have improvement in his keratopathy as well as improvement of choroidal hemorrhage allowing for visualization of the optic nerve and macula upon fundus examination. B-scan showed large but less thickened bullous membranes that were clearing and no longer appositional (Fig. 2E) . His IOP remained low likely due to detachment of the ciliary body and poor aqueous production following the extensive choroidal detachments.
Discussion
Suprachoroidal hemorrhage is hypothesized to be caused by rupture of the short or long posterior ciliary arteries with resultant accumulation of blood in the suprachoroidal space. 5 These arteries can rupture as a result of direct trauma or hypotony, which can stretch and shear vessels. Patients usually present with severe episodic pain, decreased vision, high IOP and a shallow AC. Dilated fundus exam can show smooth convex lobes of choroidal hemorrhage that appear darker in nature compared to choroidal serous detachments and are delineated by fixation of the choroid to vortex veins. B-scan ultrasonography can be helpful for diagnosis and for differentiation of SCH from choroidal effusions and RDs, as well as monitoring for progression or resolution. Delayed suprachoroidal hemorrhage is relatively rare after glaucoma surgery; however, it has been associated with tube shunt and trabeculectomy procedures. One retrospective study found that the occurrence of DSCH to be highest for non-valved and valved glaucoma drainage device procedures (8.3% and 2.9% respectively), followed by trabeculectomy with and without antifibrotic agents (1.1% and 0.5% respectively), and lastly, the lowest for continuous CPC diode laser therapy (0.3%). 9 The Tube versus Trabeculectomy (TVT) study reported rates of SCH to be 3% after trabeculectomy and 2% after Baerveldt implants. 7 DSCH is extremely rare after continuous transscleral CPC therapy with only three cases reported in the literature. 9, 10 To the best of our knowledge, this is the first report of DSCH after MPCPC therapy. The indications for CPC include eyes in which trabeculectomy or drainage devices have a high risk of failure or have already failed, eyes with uncontrolled IOP and minimal useful vision, painful eyes with minimal or no useful vision, and patients who are poor surgical candidates due to other ocular or medical comorbidities. 12 There are no specific guidelines about the therapeutic window or IOP range in which diode therapy should be utilized. Settings for diode cyclophotocoagulation may differ between studies and providers. In general, MPCPC differs from continuous CPC therapy in that it delivers short bursts of energy (eg 0.5 ms) followed by rest periods that allow adjacent tissues to cool off. Unlike continue CPC diode, MPCPC is thought to result in minimal tissue disruption and delivers less energy per session. One randomized study by Aquino MC et al., compared the efficacy and safety of continuous vs. micropulse CPC diode in refractory glaucoma. 11 In this study, the settings for continuous CPC with G probe was 1.5-2W, 2 seconds exposure time per burn, 20-28 burns per eye, delivering 60-112 J per treatment, while the settings for micropulse was 2W applied for 100s treatment time, consisting of on settings for 0.5 ms and off settings for 1.1 ms, delivering a total of 62.6 J. 11 This study reported similar median IOP reduction between the two groups, with similar success rates at 18 months. However, the ocular complication rate was higher in the continuous group, with 7 cases of prolonged inflammation, 5 cases of hypotony, 1 case of phthisis bulbi compared to only 1 case of prolonged inflammation in the micropulse group. 11 Again, no sight threatening complications were reported in the micropulse group. In general, the laser energy for MPCPC diode is set to 2000mW but there is a lack of consensus on the appropriate treatment duration or amount. Sanchez et al., reviewed the literature and found that ideal parameters of 112-150 total Joules would lead to 30% IOP reduction with few/no complications. 13 Our patient received a total of 113 J in both eyes, which is similar to what other groups have reported but lower than the settings described by Aquino MC et al. 13 14 A major hypothesis for the development of SCH is high pre-operative IOP followed by acute drop in IOP after the procedure. 7 Interestingly, our patient did not have an acute drop in IOP since his initial IOP was low. According to a case-control study by Jeganathan VSE et al., there was a higher odds of SCH with post-op hypotony (OR 2.7). 9 In our patient, post-op hypotony was likely a major contributing factor in the development of SCH. Other reported risk factors include aphakia (OR 3.6), prior intraocular surgery such as penetrating keratoplasty and pars plana vitrectomy (OR 4.4), systemic hypertension (> 150 mmHg; OR 2.4), anticoagulation (OR 4.6), ischemic heart disease (OR 3.6) and respiratory disease (OR 3.2). 9 While our patient's BP was controlled at the time of presentation to the ED, spontaneous SCH has been reported in patients with malignant hypertension. 15 Furthermore, spontaneous SCH has been associated with anticoagulants, 16, 17 raising the possibility that Xarelto could have triggered the SCH in our patient. However, our patient was on chronic anticoagulation therapy and only developed SCH in the left eye in the setting of hypotony following the cyclodestructive procedure, but not the right eye. Given the multiple risk factors present in our patient, it is difficult to ascertain the cause and effect nature of the MPCPC diode and SCH. Regardless, this case demonstrates that non-incisional procedures such as MPCPC do not safeguard against SCH especially in settings of post-procedural hypotony and systemic risk factors. Our case had several unique factors. First, MPCPC diode was performed in the right eye by the same surgeon and with the same settings only 2 months prior to the left eye. The right eye had a remote history of complicated cataract extraction requiring anterior vitrectomy and implantation of an ACIOL, whereas cataract extraction was uncomplicated in the left eye with implantation of PCIOL into the capsular bag. Thus it is not clear why our patient developed SCH in the left eye, when the right eye had similar pre-operative and post-operative IOPs with the added risk factors of the prior surgery and aphakia. One hypothesis is that our patient was coughing and/or straining around the time of the left eye procedure, which may have triggered the SCH. There are several reports of anticoagulation and valsalva maneuvers triggering spontaneous SCH. [18] [19] [20] This is supported by the fact that the size of our patient's SCH increased before it decreased (as seen in Fig. 2 ) likely due to repeat hemorrhage from hypotony and unintentional valsalva. Second, he had a history of thyroid eye disease (TED). While it is possible that elevated episcleral pressure contributed to severity of glaucoma, it is unlikely that TED contributed to SCH as it was inactive at the time of the diode treatments. Lastly, our patient developed keratopathy possibly from a combination of severe dry eye, lagophthalmos from TED, and MPCPC-related keratopathy, which limited his visual potential. There have been recent reports of cases of neurotrophic keratopathy following MPCPC, 14 which is likely due to its effect on corneal innervation. Overall, the visual prognosis of SCH is poor, especially if hemorrhage involved all four quadrants or it was associated with RD. 21, 22 One study reported final visual acuity of 20/200 in 34% of eyes, 22 while another study reported final visual acuity of no light perception in 23% of eyes. 21 Because SCH is associated with poor outcomes, reducing the above mentioned risk factors and preventing of SCH is very important in preoperative glaucoma management. Pre-operative management includes lowering pre-operative IOP, optimizing medical health and stopping anticoagulation if risks outweighs its benefits. 5 In general, there are no clear evidence about the benefits of holding anticoagulation with or without bridging therapy prior to glaucoma surgery, and it is generally recommended that decision to hold anticoagulation should be done in consultation with the patient's primary care physician (PCP) given the potential adverse consequence of stopping the medication. 23 Because our patient's risk of systemic thromboembolic events associated with stopping anticoagulation outweighed the risk of the development of and worsening of suprachoroidal hemorrhage, we continued Xarelto as we had discussed with his PCP. Especially in patients on anti-coagulation, careful surgical technique should be used to minimize hypotony during the intraoperative period. Lastly, post-operative management involves avoidance of medications that can cause hypotony as well as counseling the patient on avoidance of valsalva maneuvers (including coughing, straining and sexual activity), which have been associated with SCH as well as pre-retinal, intraretinal and vitreous hemorrhage. 5, 19, 24 The post-operative management of DSCH includes medical therapy, observation and surgical drainage. Pain can be controlled with analgesics and cycloplegics, and IOP is slowly lowered using topical and oral IOP lowering medications. Topical and systemic steroids can be used to decrease inflammation, although we deferred oral steroids due to medical concerns. Some patients may have spontaneous resolution of hemorrhage while others may need surgical drainage. The timing and indication for surgical drainage of SCH remains controversial, and it is not known whether early drainage or conservative management results in better visual outcomes. 5, 9 A few studies have reported improvement in visual outcomes after early surgical drainage, 25, 26 while others have reported good outcomes with delayed drainage. 27 These differences may be due to patient-related variables such as size and complexity of the hemorrhage, as well as the surgeon's preferences for management. 9 For those with persistent hemorrhage, surgery is usually delayed 1-3 weeks in order to allow for liquefaction of clots, which can facilitate drainage, however it is not known whether complete liquefaction is necessary for successful drainage. 5, 9, 27, 28 Reported indications for drainage include high IOP, and presence of appositional choroidals, vitreous hemorrhage, retinal detachment, and expulsion of intraocular content. 29, 30 Surgery typically involves posterior sclerotomies and drainage alone or in combination of pars plana vitrectomy. 31 We monitored our patient with serial ultrasounds for clot lysis and spontaneous resolution. We were more conservative in our management because our patient was frail, had poor visual potential as a result of end-stage glaucoma, did not desire aggressive management, and was overall comfortable and without pain. Eventually, the hemorrhage decreased in size without surgical intervention (Fig. 3) , however his IOP remained low and his visual acuity did not improve significantly.
Conclusion
Suprachoroidal hemorrhage is a rare complication after intraocular surgery that is associated with poor visual outcomes. MPCPC diode is considered to be a relatively safe and efficacious procedure that has not yet previously been associated with SCH. This case report demonstrates that SCH can occur after micropulse cyclophotocoagulation diode therapy especially in high-risk eyes. Furthermore, this case illustrates the importance of taking measures such as reducing laser diode energy Fig. 2 . Serial B-scan ultrasounds of the inferotemporal quadrant show increase in size of hemorrhage between time of presentation (2A) and subsequent follow up 4 days (2B) and 1 week (2C) later. Patient was observed with serial b-scans, which showed decrease in size of hemorrhage at one month (2D) and two months (2E) after presentation. Fig. 3 . Fundus photo of the left eye taken four days after presentation shows multiple, dark choroidal elevations that were peripherally appositional and centrally non-appositional, consistent with hemorrhagic choroidals.
in patients with lower pre-treatment IOP, stopping anticoagulation if medically able, optimizing systemic risk factors, and counseling patients on hypotony precautions to prevent this devastating complication.
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